To evaluate terminal-sire breeds, harvest BW, prefabrication carcass measurements, and organ weights were evaluated over 3 yr for 518 crossbred wether lambs (Ovis aries). Lambs were produced by single-sire matings of 22 Columbia, 22 USMARC-Composite (Composite), 21 Suffolk, and 17 Texel rams to adult Rambouillet ewes. Lambs were raised to weaning under an extensive western rangeland production system and fi nished in a feedlot on a high-energy fi nishing diet. Wethers were randomly assigned to be harvested at an average BW of 54.4, 61.2, or 68.0 kg and then transported to The Ohio State University abattoir for harvest. Wether BW was recorded before transport (off-test BW) and before harvest. Prefabrication carcass measurements and organ weights were recorded either after harvest or after an approximate 24-h chill. At comparable numbers of days on feed, Suffolk-sired lambs had heavier (P < 0.01) off-test BW, harvest BW, HCW, chilled carcass weight (CCW), and kidney weights than lambs sired by the other breeds. Suffolk-sired lambs had more (P < 0.01) kidney-pelvic fat than did Columbia-sired lambs; Composite-and Texel-sired lambs were intermediate and did not differ (P > 0.06) from the other crossbred lambs. Texel-and Suffolk-sired lambs had larger LM area and greater conformation scores than Columbiasired lambs (P < 0.03). Texel-sired lambs had greater (P < 0.01) body wall thickness, quality grades, and leg scores than Columbia-sired lambs. Compositeand Suffolk-sired lambs did not differ from each other or from lambs sired by any other breed for body wall thickness (P > 0.18) and were intermediate for quality grades and leg scores. Sire breed did not affect (P > 0.05) shipping shrink, dressing percentage, pelt weight, liver weight, and fat depth. Adjusting data to a comparable off-test BW or CCW modifi ed sire breed rankings for some measurements. Texel-sired lambs were equal or superior to lambs sired by other breeds for HCW, CCW, dressing percentage, pelt weight, LM area, quality grade, and leg and conformation scores. However, Texel-sired lambs also had values for kidneypelvic fat weight, fat depth, and body wall thickness that were equal to or greater than those of lambs sired by the other breeds, indicating increased fatness at comparable BW. Producers can use these results to select terminalsire sheep breeds that will complement their production system and improve market lamb value.
INTRODUCTION
Diversity in genetics, production, and marketing systems is substantial within the U.S. sheep industry. Approximately 50% of the U.S. lamb crop is produced in western range operations and about 75% of lambs are fi nished using more nutrient dense diets than strictly forage diets (NRC, 2008) . Body weight at harvest is the standard measurement for calculating value of U.S. lambs and has increased from 47.5 to 63.5 kg (NRC, 2008 ) from 1970 to 2006. A type of grid marketing that defi nes carcass quality and yield specifi cations can better quantify the value of lamb carcasses, although few industry groups currently use value-based marketing systems (NRC, 2008) . Increasing LM area is generally recognized as a priority for the U.S. sheep industry (Lupton, 2008) and has been shown to increase the yield and value of lamb carcasses (Leeds et al., 2008) .
Because comparative carcass data for crossbred lambs sired by modern terminal sire breeds and reared in extensive rangeland production systems are lacking, a 3-yr study was conducted at the U.S. Sheep Experiment Station (USSES; Dubois, ID) to evaluate Columbia, Suffolk, USMARCComposite (Composite; Leymaster, 1991) , and Texel rams as terminal sires. Differences in BW and frame size were quantifi ed in yearling rams from the breeds used in this study . Suffolk and Columbia rams were heavier and had larger frames than Composite and Texel rams. Although Texel rams had smaller frames than Composite rams, their BW did not differ. The Composite (1/2 Columbia × 1/4 Suffolk × 1/4 Hampshire ) was developed in the late 1970s to early 1980s, had been maintained as an unselected population, and, therefore, was less extreme in frame size and BW than modern Suffolk and Columbia. The objective of this study was to evaluate sire breed effects on prefabrication carcass characteristics and organ weights of crossbred wether lambs harvested at different BW.
MATERIALS AND METHODS
The USSES Institutional Animal Care and Use Committee (Dubois, ID) reviewed and approved all husbandry practices as well as experimental, transportation, and harvest procedures used in this study.
Animals
Detailed descriptions of the overall experimental design, sampling of rams, fl ock management, and feedlot protocols for this study can be found in Leeds et al. (2012) and Notter et al. (2012) . Briefl y, lambs were produced from 2006 to 2008 by single-sire matings of adult (3 to 7 yr old at lambing) USSES Rambouillet ewes to Columbia, Composite, Suffolk, or Texel rams. Seventeen to 22 rams per sire breed produced lambs during the 3-yr study. Lambs were born in March or April of each year, managed in a feedlot setting for approximately 30 d after birth, and then herded on sagebrush steppe and subalpine range until weaning at approximately 132 d of age. After weaning, 1 of 3 replicated feedlot pens was randomly assigned, within breed and gender, to each lamb with a maximum of 16 lambs in each pen. Lambs were shorn after weaning in 2007 and 2008 . Within 8 d after weaning, lambs began gradual adaptation to a fi nishing diet in a USSES feedlot. Lamb health was monitored daily and ill lambs were treated according to . In 2008, a feed mixing error occurred shortly after weaning and subsequent acidosis seemed to retard early lamb growth for all harvest groups. This event did not result in sire breed × year interactions in lamb BW or ultrasonic measurements of fat depth or LM area and so was not considered to be a source of bias in evaluating sire breed effects.
One of 3 harvest groups, with mean target BW of 54.4, 61.2, or 68.0 kg, was randomly assigned within breed to wethers entering the feedlot . When average BW of all wethers remaining in the feedlot reached the targeted harvest group BW, fi nal off-test BW was recorded for wethers in each group. Wethers were then transported to The Ohio State University abattoir for harvest. During transport, a minimum of 0.52 m 2 of fl oor space was provided per animal, and wethers had access to water and alfalfa (Medicago sativa subsp. sativa) hay for the approximate 48 h required for shipping. Upon arrival at the abattoir, lambs were rested overnight and offered only water ad libitum (Leeds et al., 2008) . In 2008, lambs in the fi nal group were harvested an average of 13 d earlier than in 2006 and 2007 due to scheduling confl icts.
Over the 3 yr, 523 wethers were evaluated. The experimental design stipulated that 6 wethers per sire (48 wethers per breed) would be harvested each year. However, due to variation in ram fertility and functionality , sex ratios, and lamb survival, sires were represented by 1 to 13 lambs with an HG1  HG2  HG3  HG1  HG2  HG3  HG1  HG2  HG3  HG1  HG2  HG3   2006  17  16  13  14  13  12  16  15  14 1  12  14  15   2007  15 2  16  13  16  16  16  14  15 1  13  16  15  16   2008  14 2  15  13  14  15  15 2  13  13  14  16  15  14   Total 3  44  47  39  44  44  42  43  42  40  44  44  45  1 For each superscript 1, 1 carcass was condemned at harvest and excluded from the fi nal dataset. average of 5 wethers per sire in the fi nal dataset. Sixteen of 81 sires were sampled for more than 1 yr to provide genetic linkage across the years. Table 1 shows fi nal numbers of wethers per breed, year, and harvest group.
Measurements
After overnight rest at the abattoir, harvest BW was recorded, and wethers were harvested by captive-bolt stunning and exsanguination and then dressed. Pelts were removed, but weighed only in 2007 and 2008. Carcasses were eviscerated, kidneys and kidney-pelvic fat were removed from the carcass, and weights of liver (2007 and 2008 only) , kidneys, and kidney-pelvic fat were recorded. Hot carcass weight was recorded immediately before carcasses were placed in a 4°C cooler for approximately 24 h. After chilling, chilled carcass weight (CCW) was recorded and carcasses were ribbed between the 12th and 13th ribs. One of 3 trained university personnel subjectively assigned conformation and leg muscularity scores, and quality grade (Prime + = 15; Cull = 1) according to USDA (1992) guidelines. Trained personnel also measured right and left fat depth at approximately the midpoint of each LM and body wall thickness at approximately 12.7 cm from the dorsal midline. Right and left LM perimeters were traced on acetate paper, transferred onto a digitizing tablet (SummaSketch III, Summagraphics Corp., Fairfi eld, CT), and LM area was calculated (Planimeter Anything, The Logic Group, Austin, TX). Measurements of fat depth, body wall thickness, and LM area taken on the right and left sides of the carcass were averaged before analysis. Shipping shrink was calculated as [1 − (harvest BW/off-test BW)] × 100. Dressing percentages were calculated as (CCW/harvest BW) × 100. Due to a scale malfunction in 2006, harvest BW and associated measures of shipping shrink and dressing percentage for 2006 were removed from the fi nal analyses.
Statistical Methods
Changes in measured traits with increasing time on feed were described using a linear mixed model in the Mixed Model Procedure (SAS Inst., Inc., Cary, NC):
where Y ijklmn is the observation on the nth wether sired by ram S ijk of breed (B) j in lambing year (A) i, with Rambouillet maternal grandsire M l , harvested in group H m , and with initial weight deviation D ijklmn from the corresponding year × sire breed mean BW at the start of the feedlot trial; μ is an intercept term common to all observations; α is a linear regression coeffi cient relating D to Y; and e ijklmn is residual error. Maternal grandsire and sire breed were considered random effects. Denominator degrees of freedom for tests of fi xed effects were determined using the containment method of SAS 9.2. Identifi cation of pair-wise signifi cant differences among least-squares means for years, harvest groups, and sire breeds was achieved using the Tukey-Kramer procedure for unbalanced data (Kramer, 1956) . The continuous effect of D accounts for variation in initial BW within years and sire breeds at the start of the feedlot trial, thereby increasing the power of statistical tests of other effects in the model, but does not remove variation among years and sire breeds arising from mean differences in initial BW. Preliminary analyses demonstrated that the effect of initial BW deviation largely accounted for effects of lamb age at weaning, type of birth and rearing, and dam age; these effects were therefore not included in the fi nal model. In preliminary analyses, random effects of feeding pen (nested within year and sire breed) were not signifi cant. Variance components for pen effects consistently converged to 0, indicating that random assignment of pen to lamb was effective. Harvest group × sire breed and harvest group × sire breed × year interactions were likewise tested in preliminary analyses, were at most marginally signifi cant (P = 0.04) for no more than 1 trait, and were removed from the fi nal model.
Comparisons among sire breeds at comparable progeny BW were made by fi tting the allometric equation:
where γ ijkl is a proportionality constant associated with the ith year, jth sire breed, kth sire (nested within year and sire breed), and lth maternal grandsire; W is offtest BW; and β is an allometric coeffi cient relating W to dependent variables. The allometric equation was linearized for parameter estimation and hypothesis testing by transformation of dependent variables and off-test BW to natural logarithms (ln) and fi t as:
where model terms are analogous to those for Model [1] . Heterogeneity of allometric coeffi cients across years and sire breeds was tested in preliminary analyses and was not signifi cant (P > 0.05). Changes in allometric coeffi cients with increasing BW were also tested by adding a continuous effect of untransformed BW [i.e., δW ijkln where δ is a linear regression coeffi cient relating W to ln(Y)] to Model [2] but were not signifi cant. A signifi cant additional effect of W indicates that the allometric coeffi cient varies with BW as β + δW (Notter et al., 1983 
RESULTS

Changes in Prefabrication Carcass and Organ Traits with Increasing Time on Feed
Year affected (P < 0.03) all traits analyzed except shipping shrink, dressing percentage, kidney weight, and liver weight (P > 0.10; Table 2 ). Lambs from 2008 had, on average, lighter BW and smaller measurements for most traits measured for reasons described in the Materials and Methods.
As expected, harvest groups affected (P < 0.01) all traits analyzed except kidney weight, conformation score, leg score, and quality grade (P > 0.15; Table 3 ). Off-test BW increased by an average of 13.7 kg from the fi rst to last harvest group and was associated with a mean increase of 12.9, 8.0, and 8.1 kg in harvest BW, HCW, and CCW, respectively. Shipping shrink decreased by 2.8 percentage points, and dressing percentage increased by 1.7 percentage points, between the fi rst and last harvest groups. Pelt and liver weights increased over time, although liver weights did not increase linearly. As wethers gained BW, they increased fat stores from Harvest Group 1 to Harvest Group 3 by 0.95 kg, 1.6 mm, and 7 mm for kidney-pelvic fat weight, fat depth, and body wall thickness, respectively. The LM area increased by 2.66 cm 2 over time.
Sire breed least-squares means for all traits are presented in Table 4 . Suffolk-sired lambs had the heaviest off-test BW, harvest BW, HCW, CCW, and kidney weights compared with lambs sired by the other sire breeds (P < 0.01). Suffolk-sired lambs had more kidney-pelvic fat than Columbia-sired lambs (P < 0.01), but Composite-and Texel-sired lambs were not different from each other or lambs sired by any other sire breed (P > 0.06) for kidneypelvic fat weight. Texel-and Suffolk-sired lambs had greater LM area and conformation scores than Columbiasired lambs (P < 0.03). Texel-sired lambs had thicker body walls and greater quality grades and leg scores than Columbia-sired lambs (P < 0.01). Composite-and Suffolk-sired lambs were not different from each other or lambs sired by any other sire breed for body wall thickness (P > 0.18) and were intermediate for quality grades and leg scores. No signifi cant (P > 0.05) sire breed effect was detected for shipping shrink, dressing percentage, pelt weight, liver weight, and fat depth. The only signifi cant (P < 0.03) year × sire breed interaction was for leg score. Sire breed rankings were consistent with those in Table 4 for 2006 and 2007 . However, in 2008 , Composite-sired lambs were ranked second and Suffolk-sired lambs were ranked third. In addition, in 2007, Columbia-sired lambs did not differ from Composite-sired lambs, and in 2008, Columbia-sired lambs did not differ from Composite-or Suffolk-sired lambs (data not shown).
Changes in Carcass and Organ Traits with Increasing Body Weight
Model [2] was designed to assess breed differences at comparable off-test BW. We hypothesized that effects of BW in Model [2] would adequately explain changes in component traits associated with both individual differences in BW within a common harvest group and changes in BW that occurred during growth (i.e., among harvest groups). However, this hypothesis was rejected because of signifi cant (P < 0.03) residual effects of harvest group in Model [2A] for all traits except fat depth (P = 0.06), indicating that a simple allometric adjustment for BW was generally not adequate to explain changes in body components among harvest groups.
Because differences among breeds in BW after comparable time in the feedlot were large (from Model [1]; Table 4), comparable mean harvest BW for wethers produced by sires of the 4 breeds in this production system can only be achieved by varying the time on feed. If the relationship between BW and composition is not consistent within and across harvest groups, then it is the acrossharvest group relationship that will appropriately predict effects of changing harvest BW on carcass composition.
When BW is increased with increasing days on feed, its effect on measured traits can be explicitly estimated by replacing individual observations, for both measured components and off-test BW in Model [2], with year × sire breed × harvest group means derived by adding this 3-way interaction to Model [1] . We propose that i) the resulting allometric coeffi cients from this model (Model [2B]; Table 5 ) accurately represent effects of increasing BW on measured traits when increasing BW can only be achieved by increasing numbers of days on feed; ii) 6 One of 3 trained individuals assigned subjective USDA grades of 9 = Good + , 10 = Choice − , 11 = Choice, 12 = Choice + , or 13 = Prime − (USDA, 1992).
estimates of allometric coeffi cients derived within harvest groups from Model [2A] and across harvest groups from Model [2B] are essentially independent, and differences between them can be tested using simple t-tests based on SE of respective allometric coeffi cients (Table 5) to determine whether the association between BW and measured traits differs within, versus among, harvest groups; and iii) comparable progeny harvest BW for the sire breeds compared here can only be achieved by varying the number of days on feed, and least-squares means from Model [2B] are, therefore, most appropriate to compare lambs from different sire breeds at comparable BW. An allometric coeffi cient of 1.0 indicates that a body component is increasing in direct proportion to BW, whereas coeffi cients ≥ 1.0 indicate that the component is increasing more or less rapidly, respectively, than BW. Coeffi cients from Model [2] ( Table 5 ) thus indicate that carcass weights and measures of fatness (i.e., fat depth, body wall thickness, and weight of kidney-pelvic fat) were increasing more rapidly than BW, whereas organ weights and LM area were increasing less rapidly. Dressing percentage, quality grade, and conformation and leg scores also appeared to increase with BW, but not as rapidly.
However, allometric coeffi cients derived from harvest group means (i.e., during growth on a high-concentrate diet; Model [2B]) were much larger than those derived within harvest groups (i.e., at constant numbers of days on feed; Model [2A]) for pelt weight, kidney-pelvic fat weight, and body wall thickness, and considerably larger for harvest BW, CCW, and dressing percentage (Table 5 ). Most of these variables are either directly or indirectly associated with body fatness, suggesting that differences in fatness associated with differences in BW were larger among than within harvest groups. However, coeffi cients did not differ for fat depth (P = 0.85). The large between-harvest group allometric coeffi cient for pelt weight was likewise not expected. By contrast, coeffi cients derived across harvest groups were much smaller than those derived at a constant number of days on feed for kidney and liver weights, quality grade, and conformation and leg scores. In particular, increasing BW by additional days on feed did not signifi cantly improve quality grades or conformation and leg scores within the range of off-test BW used in this study.
Sire breed least-squares means from Model [2B], after adjustment to comparable BW or CCW, are shown in Table 6 . Texel-sired lambs had heavier (P < 0.02) HCW and CCW than Columbia-sired lambs, and Suffolk-sired lambs did not differ from any sire breed. Texel-sired lambs had greater (P < 0.03) dressing percentage, body wall thickness, kidney-pelvic fat, quality grade, and conformation and leg scores than Suffolk-and Columbia-sired lambs. Pelt weights were heaviest for Texel-sired lambs and least for Suffolk-sired lambs (P > 0.01). Fat depth was greater (P < 0.02) in Texel-sired lambs than Columbia-sired lambs, but breed rankings for fat depth were not consistent across years (P = 0.05 for year × sire breed interaction). Breed rankings for fat depth in 2006 and 2007 were consistent with those in Table 6 , but differences were larger in 2006, ranging from 4.5 ± 0.3 mm for Columbia-sired lambs to 6.6 ± 0.4 mm for Texel-sired lambs, and smaller in 2007, ranging from 4.6 ± 0.3 mm for Columbia-sired lambs to 5.4 ± 0.3 mm for Texel-sired lambs. In 2008, breed rankings changed, ranging from 5.0 ± 0.3 mm for Suffolk-sired lambs to 5.2, 5.4, and 5.9 (±0.3 mm) for Texel-, Columbia-, and Composite-sired lambs, respectively. Suffolk-sired lambs had heavier (P < 0.01) kidneys than lambs from all other sire breeds. Columbia-sired lambs had smaller (P < 0.01) LM area than lambs from all other sire breeds. Sire breeds did not differ (P > 0.10) for harvest BW, shipping shrink, and liver weight. The year × sire breed interaction was also signifi cant for conformation score (P = 0.02). Breed rankings were consistent with those in Table 6 
DISCUSSION
Sire breed impacted prefabrication carcass traits and organ weights of crossbred wethers produced in an extensive rangeland production system. Rapid lamb growth and large, lean lamb carcasses indicated that the Suffolk was superior to the other sire breeds evaluated. Results of this study confi rm that, at comparable numbers of days on feed, Suffolk-sired lambs had heavier harvest BW and carcass weights than Columbia-, Composite-, or Texel-sired lambs, which refl ected the trend of pre-and post-weaning lamb growth and BW reported by and Notter et al. (2012) . Jenkins (1986) also found that Suffolk-sired lambs had heavier harvest BW than Columbia-sired lambs. Several other studies found the same trend for carcass weights, with Suffolk-sired lambs producing heavier carcasses than Columbia-or Texel-sired lambs (Leymaster and Smith, 1981; Jenkins, 1986; Leymaster and Jenkins, 1993; Ali et al., 2005) . In agreement with Ali et al. (2005) , sire breed in this study did not impact shipping shrink or dressing percentage.
At comparable off-test BW, sire breeds did not differ for harvest BW or shipping shrink. However, Texel-sired lambs had heavier carcass weights than Columbia-sired lambs but Suffolk-sired lambs did not differ from lambs sired by any other sire breed. Texel-sired lambs also had greater dressing percentage than Columbia-and Suffolksired lambs. In another study that used a BW adjustment, Leymaster and Jenkins (1993) did not fi nd differences in carcass weights between Suffolk-and Texel-sired lambs, but harvested their lambs at younger ages (63, 105, 147, and 189 d versus an average of 202, 224, and 250 d) and BW was thus lighter compared with this study.
Fat deposition varied, depending on the sire breed, when the data were adjusted for days on feed. With greater .001 a−c Means within a row with different superscripts differ (P ≤ 0.05). Mean separation tests were adjusted for multiple comparisons using the Tukey-Kramer option in SAS PROC Mixed (SAS Inst. Inc, Cary, NC).
1 Measures of LM area, fat depth, and body wall thickness were taken between the 12th and 13th ribs of both sides of the carcass and averaged for analysis. Harvest BW, shipping shrink, HCW, chilled carcass weight, dressing percentage, pelt weight, kidney, liver weight, and kidney-pelvic fat weight were adjusted to comparable off-test BW. All other variables were adjusted to comparable chilled carcass weights.
2 The USMARC-Composite was developed at the U.S. Meat Animal Research Center, Clay Center, NE in the early 1970s by crossing the Columbia (50%), Hampshire (25%), and Suffolk (25%) breeds.
3 Because of inaccuracies in harvest BW data collected in 2006, the 2006 records were removed from the analysis. 4 Traits calculated using harvest BW were only available for 2007 and 2008. 5 This measurement was recorded only in 2007 and 2008. 6 One of 3 trained individuals assigned subjective USDA grades of 9 = Good + , 10 = Choice − , 11 = Choice, 12 = Choice + , or 13 = Prime − (USDA, 1992).
BW and larger carcasses, Suffolk-sired lambs also had more kidney-pelvic fat than Columbia-sired lambs, but Texeland Composite-sired lambs did not differ from each other or lambs sired by any other sire breed. Leymaster and Smith (1981) , Crouse et al. (1983), and Jenkins (1986) concur that Suffolk-sired lambs had more kidney-pelvic fat than Columbia-sired lambs. However, Blackburn et al. (1981) did not detect differences in kidney-pelvic fat between Suffolk-and Columbia-sired lambs. After adjusting for BW, Texel-sired lambs had more kidney-pelvic fat than Suffolkand Columbia-sired lambs. In agreement with these results, Leymaster and Jenkins (1993) also reported that Texelsired lambs had more kidney-pelvic fat than Suffolk-sired lambs at both comparable ages and BW. Notter et al. (2012) reported serial measurements of ultrasonic fat depth in these wethers and their ewe lamb contemporaries. They found that Columbia-sired lambs had less fat depth than the other breeds at 90 d on feed. When adjusted to 60 kg BW, Texel-sired lambs had greater fat depth than all other sire breeds and Composite-sired lambs had greater fat depth than Suffolk-and Columbiasired lambs. Sire breed effects were not detected for fat depth when adjusted for days on feed in the current study. However, Texel-sired lambs had greater fat depth than Columbia-sired lambs at comparable CCW, and Compositeand Suffolk-sired lambs did not differ from each other or lambs sired by any other breed. Variability in fat depth due to sire breed is important because fat depth is the single determinant of predicted yield of closely trimmed retail cuts in the U.S. Yield Grade system (NRC, 2008) . Leymaster and Jenkins (1993) and Ali et al. (2005) found similar trends to the BW adjusted analysis, where Texel-sired lambs had greater fat depth than Suffolk-or Columbiasired lambs. Leymaster and Smith (1981) and Crouse et al. (1983) found that Suffolk-sired lambs had greater fat depth than Columbia-sired lambs. However, Blackburn et al. (1981) found the opposite, and Jenkins (1986) did not detect differences between these sire breeds. Variable germplasm, harvest ages, weights, and genders may affect fat depth, and may be responsible for discrepancies among these studies.
Body wall thickness is a useful predictor of carcass composition (Oliver et al., 1967; Smith et al., 1969; Smith and Carpenter, 1973) . Within this study, at comparable numbers of days on feed, carcass body walls were thicker for Texel-sired lambs than for Columbia-sired lambs, but Suffolk-and Composite-sired lambs did not differ from each other or lambs sired by any other sire breed. When adjusted for CCW, Suffolk-sired lambs had thinner body walls than Texel-and Columbia-sired lambs. Ali et al. (2005) also found that Texel-sired lambs had thicker body walls than Columbia-sired lambs. These data imply that Texel-sired lambs with thicker body walls would have reduced retail cuts and thus value per unit of carcass weight (Oliver et al., 1967) . Fat data from this study indicates that Texel-sired lambs should not be fi nished to the same BW as Suffolk-or Columbia-sired lambs because of increased fat deposits in the carcass, thus potentially reducing value of the carcass. Notter et al. (2012) reported serial measurements of ultrasonic LM area in these wethers and their ewe lamb contemporaries. After 90 d in the feedlot, Columbia-sired lambs had smaller LM area than all other sire breeds. At 60 kg predicted BW, all sire breeds differed, with Texel-, Composite-, Suffolk-, and Columbia-sired lambs, having largest to smallest LM area, respectively. This differs from the current study, in which Suffolk-and Texelsired lambs had greater LM area than Composite-and Columbia-sired lambs when adjusted for days on feed. The discrepancy between the 2 studies using the same lambs is likely due to variation in ultrasonic measurement versus actual measurement, as well as the inclusion of ewe lambs in the study by Notter et al. (2012) . When data in the current study were adjusted to a comparable CCW, Texel-, Composite-and Suffolk-sired lambs had greater LM area than Columbia-sired lambs. Other studies found that Texel-sired lambs produced greater LM area than Suffolk-or Columbia-sired lambs (Leymaster and Jenkins, 1993; Ali et al., 2005) . Blackburn et al. (1981) found that Suffolk-sired lambs had greater LM area than Columbia-sired lambs for 2 out of the 3 yr in their study. Producers who select a sire breed with larger LM area, such as Suffolk and Texel demonstrated in this study, will be improving a trait designated as a priority to improve by the sheep industry (Lupton, 2008) . In addition, Leeds et al. (2008) reported that wethers with larger LM area had larger and more valuable carcasses.
Texel-, Suffolk-, and Composite-sired lambs had average quality grades and leg and conformation scores of Choice + , whereas grades and scores of Columbia-sired lambs averaged only Choice. By contrast, Leymaster and Smith (1981) , Crouse et al. (1983) , Leymaster and Jenkins (1993) , and Ali et al. (2005) found no differences in quality grade among Texel-, Suffolk-, and Columbia-sired lambs that graded from Good + to Choice + . In this study, leg score was greater for Texelsired lambs than lambs of other sire breeds. Leymaster and Jenkins (1993) reported that Texel-sired lambs had average leg scores of Choice + , and Suffolk-sired lambs were given an average score of Choice. In older studies, Suffolk-sired lambs had greater average leg scores than Columbia-sired lambs (Leymaster and Smith, 1981; Crouse et al., 1983; Jenkins, 1986) .
Although BW and carcass weights differed with sire breed, pelt and liver weights did not at comparable numbers of days on feed. Liver weights from this study were 1.55 to 1.59% of harvest BW, which was within the range of liver to body mass percentages estimated for 6-to 9-mo-old sheep (van Ryssen, 1980) . Van Vuren and Coblentz (1985) reported a linear relationship between kidney weight and BW for sheep with a BW of 30 kg or greater. This relationship is refl ected in the current study by ranking average off-test BW and kidney weight of Suffolk-, Columbia-, Composite-, and Texel-sired lambs from heaviest to lightest, respectively. After adjustment for BW, breed differences in liver and kidney weights did not change from those obtained with a constant number of days on feed. However, Texel-sired lambs had heavier pelts than Suffolk-and Columbia-sired lambs. Leymaster and Jenkins (1993) also reported that Suffolk-and Texel-sired lambs did not differ in pelt weights at comparable ages or in liver weights at comparable BW but that Texel-sired lambs had heavier pelts than Suffolk-sired lambs at comparable BW. Differences in pelt weights may be indicative of differences in fat deposition under the skin and variable wool growth.
Differences among sire breeds for yearling ram BW were not necessarily refl ected in the rankings of the crossbred wethers in this study. Suffolk and Columbia rams used in this study were heavier and had larger frames than Composite and Texel rams , but Columbia-sired lambs did not differ from Composite-or Texel-sired lambs for harvest BW, HCW, CCW, dressing percentage, liver weight, kidney-pelvic fat, or fat depth. Notter et al. (2012) found that Columbia-sired lambs grew less rapidly than Suffolk-sired lambs, and this may explain these differences in crossbred lamb BW compared with sire BW. In addition, Texel-sired lambs were equal to Suffolk-sired lambs for LM area and scored and graded greater than all sire breeds for the subjective measurements. Approximately 80% of the crossbred Texel lambs in this study were expected to be heterozygous for the myostatin mutation identifi ed by Clop et al. (2006) . This mutation has been reported to have favorable effects on conformation and leg muscularity scores and muscle and fat weights in various genetic backgrounds (Laville et al., 2004; Kijas et al., 2007; Johnson et al., 2009) .
The allometric coeffi cients from this study and the study of Notter et al. (2012) clearly show the importance of identifying optimum harvest weights in crossbred lambs from these sire breeds. Particularly, measures of fatness increased at a greater rate than BW, whereas LM area increased at a slower rate than BW. Accretion of fat and muscle during lamb growth impact the value of a carcass, especially if producers are paid on a grid system or are direct marketing their lambs.
This study indicates that producers should carefully select a sire breed depending on the desired fi nal lamb BW and the magnitude of discounts and premiums for carcass fatness and muscling. When harvested after comparable numbers of days on feed, Suffolk-sired lambs were heavier at harvest and had heavier carcasses than lambs sired by Columbia, Composite, or Texel rams.
Suffolk-sired lambs were likewise equal or superior to lambs sired by other breeds in LM area, fat depth, and body wall thickness, but were inferior to Texel-sired lambs in quality grade and leg score and to Columbiasired lambs in kidney-pelvic fat weight. At comparable BW, Texel-sired lambs remained superior to lambs sired by other breeds in quality grade and leg and conformation scores and were equal or superior to lambs sired by other breeds in dressing percentage, carcass weights, and LM area, but had more kidney-pelvic fat weight and body wall thickness than Suffolk-and Columbia-sired lambs and more fat depth than Columbia-sired lambs. At comparable BW, Columbia-sired lambs were inferior to lambs sired by rams of the other breeds in LM area, conformation score, and quality grade. From these data, Suffolk sires bred to adult ewes could benefi t producers who desire larger market lamb BW and maintaining acceptable degrees of fatness and LM area in an extensive production system. Texel sires could benefi t producers who desire moderate sized carcasses with good muscling and adequate fi nish.
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